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J 1 3L  ABSTRACT  (MBXfmum  200  wards)  "" 

pe  objective  of  this  Breast  Cancer  Research  program  awarded  from  foe  US  Amy  Medical  Research  was  to 
investigate  whether  it  might  be  feasible  to  expand  hematopoietic  stem  cells  to  be  used  fin  stem  cell  transplantation 
Tf  sn' rt  could  reduc®  ^  mortahty  and  morbidity  of  breast  cancer  patients  undergoing  high-dose  chemotherapy  and 
represent  an  approach,  for  purging  stem  cell  grafts  for  contaminating  tumor  cells.  Based  on  recent  observations  made 
by  our  group,  we  specifically  proposed  to  use  AH  ligand,  in  an  effort  to  expand  ^populating  stem  cells.  However 
foe  prmctplc  investigator,  dr.  Sten  Eirik  W.  Jacobsen  (as  well  as  all  foe  coworkers  listed  in  the  original  grant 
proposal)  left  Hippie  Cancer  Research  institution  as  early  as  September  1996,  meaning  foal  foe  PI  and  his  laboratory 
were  present  and  active  only  for  foe  fust  force  months  by  which  this  grant  was  active.  The  specific  and  main  aim  of 
.  foe  studies  was  to  establish  whether  repopulatmg  murine  stem  cells  could  be  expanded,  and  thus  most  of  foe  efforts 
m  ,b  .Pcnod  was  devotcl1  towards  successfully  establishing  foe  repopuktion  assay  which  was  based  ou 

transplantation  of  expanded  stem  eell  populations  into  lelhally  Irradiated  syngenic  mice.  Tater  (through  foe  support 
;  of  ufoer  grants),  this  assay  helped  us  to  demonstrate  that  flt3  ligond  together  with  foe  recently  cloned 
thrombopoietin  i3  indeed  efficient  at  expanding  long-term  reconstituting  murine,  as  well  human  stem  cells, 
supporting  that  reconstituting  stem  cells  might  be  expanded  iu  culture  through  foe  use  of  stem  cell  active  cytokines. 
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FOREWORD 


0  noc  neca*0Grily  •naor.^r trZLT.s. 

SiiiSart0=Sf  “iSrS*1  iB  m°tmd-  hss  b«« 

;  ?“W«  for  u^M, 

:  ntttUX.  a-  ta.  b.„  obtainad“o  u0.  th. 

“■  “®0«  a=t=c™tlJuL0^“jiiCf0n’'  «“»  tatfta  wu  m 

endorsement  or  approval  of  DapartlBQnt  of  Amy 

organisations.  Products  or  services  of  these 

•<^r\ 

inhered  to  ^  £nvestigator(fi) 

talMl«  of  thB  inst^nte  “  ?“  “  «*  toiorstoty 

•Research  Council  {nxh  Publication  M^fl?80UrCeB'  ^ioaal 

Plication  Mo.  86-23,  Revised  i98S) . 

Adhered  to  pol^f^* appl W^^^^^^J^igatorfs, 

the  investigator**) 'adhered  ^ii£ziasr  rocon*iaaPt  DMA  technology, 
the  national  institutes  of  Health  ****  Sruidalinas  Promulgated  by* 

investigator  (a)  aSarf d^rtS^Ml^Guideli rQC°?5imtBC  DNA'  tha 
involving  Recombinant  DNA  Molecules!  *  *  *  ReMarch 

tho  investigator**?  adtorerto^che^eDe^B11*180^0"8  OK®,ia*«a»# 
Microbiological  and  Biomedical  pSboStlriLf11'1®  ***  Bi°Safaty  in 


£V2Mi  L..^f  m  f 
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(5)  Introduction: 

which  are  usually  collected  fromZ1^^S?  ^b  n,r€ph“d  hy  stcm  cel1  transplants, 

In  this  gram  we  Pfior  to  the  chenitheriy. 

bocfl  marrow,  and  Lo  reduce  the  tumor  roll  ,  ce.  1^a^s  HUprnve  their  ability  to  reconstitute  (he 
a  Serious  sou^fmte”  (SSS  ^  represent 

Clinically,  we initiaUy ^ 

(mouse)  model  for  myelosuppression  and  subsequent  stem  cell  transplantation.  ^  ^  3011112 

^ttCw^eS^v  m^r10”  '“8e  randomized  muMcenter  trials,  i, 

myelosuppression  resulting  from  ti£iTJS!S  ?  f  ±c  mo5t  common  way  to  correct 

penod  of  obligatory  neutropenia  and  thrombocytopenia  lasting  9-11  days  whiS  cS™t he 

bto*  ”  “* 

neSZSpwS"  fc,m  a  tew  “X"*  ^  would  reduce  ousts  and  eliminate 

^m^Tr^ita05'  chcn"*ll'r^  iopefully  win  result  in  more  patients  gout* 

Self-renewal  in  the  strict  sense  implicates  cells  capable  of  unlimited  and  unaltered  nroliferariw 
capacity  with  sustained  multi-lineage  potential.  However,  it  is  currently  controversial  whether 
hematopoietic  stem  cells  have  such  ability  to  truly  self-renew  or  not  In  2? 7Zf  It  •  ■?  .  . 

ssrz,re  ^  \  m 

liver  or  cordWood  Zd  Sf"  f™  tt!0meri,:  DNA  ,tol  “««P°KltaS  cells  ttom  fetal 

niritnt>t»Tv  I**,*  ,  ^ tbal  *^ere  ^  a  Pr°bferation-assockted  loss  of  telomeiie  DNA  which 

::S3ib  raur,“ 

marked  stem  cell  demonstrated  dial  several  mice  were  repopulated  by  progeny  derived  from  a  single 


tail  tag  ISSSS^SiT  prff?tt  “  ''iUu 

Wrvata  as  wallas  «P*fe  *  l*» 

expamion  of  tag-lam  rtJopuMta  sMmSsMRo  S'  Sg1^  ■»*  “ 
bound  cytokines  might  prove  critical  for  Mmanc inn  unidentified  soluble  or  membrane- 

play  an  Ssaolial  JTJSSSSSS 'SSSSSStiXlES  5*“  5“  ?** 

soluble  factors  and/or  direct  contact  with  theS  J?-  T  U  ’ by  pr0vidm£  essennal 

E53S5««SB3?3a3r 

ffstzzrii£sES'ESS;Tr='“ 

Although  it  might  currently  be  unrealistic  to  achieve  tt uc  stem  cell  renewal  e?v?vfi^K 
(me)  WM1C  CXpandiUg  ^ Sh0n  term  populating  cells 

S^tT^raPy‘  U 15  h0WeVCr  n0t  Clear  85 10  *«  *W«  su?h  ex  vivoSp^ded  7  *  °f 
transplants  contain  long-term  iepopulating  stem  cells.  It  seem s  that  the  high  dose  chemotheraov 

admimstered  today  allows  sufficient  long-term  repopulating  stem  cells  to  survive,  and  that  themain 
gupose  of  die  current  ex  vivo  expansion  is  to  obtain  mature  short-term  repopulating  prweS 

5?J*  *\»°n2e  mi'IUpecycl®s  of aggressive  high  dose  chemotherapy  mightbe  ^treatment  of 
choice  in  the  future.  it  might  become  critical  to  maintain  the  long-tern  reXatinV sSTcdls L  the 
eXvivo^xTandcd  cuhures.  This  is  a  big  challenge  since  in  general  S2S1S“L 
differentiate  when  proliferating.  The  magnitude  of  differentiation  depends  on  the  cytokines  used  for 
2KS,  J* 110  ***"  Rifled  to  date  have  been  efficient  inSSS? Sn^Sm 
populating  stem  cells.  We  had  demonstrated  that  (he  recently  cloned  flt3  ligand  (FL)  potently 
«TaKb  primitive  murine  bone  marrow  progenitor  cells,  and  ihus  It  might  he  unique  in  its  abffity  to 
nuuatain  the  stein  cells  in  a  primitive  state  (J  Exp  Med  1995;  181:1357).  However  whether  FL  can 
promote  expansion  or  maintenance  of  the  "true"  stem  cell,  that  is  those  cells  cSe  of  providing 

meSn™cSC°md!tUt1011  °l  *“  heillat0P°ietlc  ceU  lineag«,  remains  to  be  investigated.  A^ordhijy. 
the  proposed  studies  sought  to  establish  whelher  FL  might  be  used  for  ex  vivo  expansion  of  short- 
ie«n  repopulatmg  progenitor  cells  (STRC)  without  depleting  LTRC.  P 


(6)  Body: 


*ro™sSt?  n  S?r’  S?  E  Jacobscn  ("  wel1  35  all  coworkers  listed  in  the  original  grant 
LtfvLinn  %  ti  PPlS  Research  Center  as  early  as  September  1996  (less  than  4  months  after  the 

laboratory  tt  T  »  '  FuntLe™ore>  the  P1  Was  denied  a  request  to  contimnue  the  grant  in  his  new 

5*2*“?.*  lT&  Um!Sr51ty  HoSpltal  in  Sweden.  Also,  as  far  as  the  PI  knows,  this  project  was  not 
ontmued  by  other  members  of  the  Hippie  Cancer  Research  Center.  Thus,  very  limited  progress  could  be 
made  on  tbs  big  project  dining  the  limited  time  it  was  active. 

The  specific  aim  was  to  establish  whether  repopulating  murine  stem  cells  could  be  expanded,  and  thus  most 
of  the  efforts  m  the  bncf  period  of  the  grant  was  devoted  towards  establishing  an  optimal  in  vivo 
constitution  assay  based  on  transplantation  of  stem  cells  into  lethally  irradiated  syngenie  mice.  Following 

Sflrtr  °f  ?!  PI «  actmJest0  Sweden,  we  were  able  (though  alternative  grant  support)  to  demonstrate 
that  flt3  ligand  together  with  the  recently  cloned  thrombopoietin  (TPO)  could  indeed  efficiently  expander 
n^amtab  lon-term  rec.onstitutmg  murine  as  well  as  human  stem  cells.  The  findings  and  implications  from 
Ihese  studies,  although  not  directly  supported  through  tbs  giant  arc  summarized  below. 


Wc  published  three  manuscripts  in  1997,  demonstrating  that  TPO,  alone  or  in  combination  with  FI.  had 
upique  and  potent  effects  on  viability  (Blood  90: 2282, 1997),  growth/expansion  (J  Immunology  158:5169, 
1997),  and  adhesion  (J  Immunol  159:1961, 1997)  of  candidate  human  bone  marrow  stem  cells,  as  we  had 
previously  demonstrated  for  candidate  murine  stem  cells  (Blood  88:2859, 1996;  Blood  88:4481  1996)  In 
agreement  with  these  data  we  have  previously  demonstrated  that  STRC  os  well  as  LTRC  can  be  Induced  to 

efficiently  cycle  in  response  to  combined  activation  by  FL,  TO  and  c-kit  ligand  (KL)  (Jacobsen  el  al 
manuscript  in  preparation)  5 

The  studies  on  murine  stem  cells  combined  with  our  published  studies  from  1997  allowed  us  to  conclude 
thht  H .  combined  with  TPO  is  likely  to  play  a  key  role  in  promoting  growth  of  human  stem  cells  .  Thus, 
we  have  during  the  last  year  pursued  the  ambitious  goal  of  trying  to  use  tbs  cytokine  to  promote  expansion 
Of  candidate  human  stem  cells  (CD34+CD38')  without  eliminating  their  ability  to  long-term  reconstitute. 

f601  ce^  eYPflusion  is  an  requirement  for  efficient  gene  marking  of  human  stem  cells  with  traditional 
retroviral  vectors,  and  thus  for  allowing  us  to  address  the  potential  role  of  tumor  purging  of  autologous 
transplants. 

Although  our  previously  published  results  had  demonstrated  that  TPO  and  FL  could  efficiently  recruit 
early  human  pi ogem lor/ stem  cells  into  proliferation  they  did  not  establish  how  primitive  these 
progemtor/stcni  cells  were,  or  whether  the  observed  proliferation  was  associated  with  stem  cell  expansion 
or;differcntiation.  In  studies  of  human  stem  cells  it  remains  a  problem  that  most  of  the  utilized  assays  detect 
progenitor  rather  stem  cells.  TIius,  during  the  last  year  our  laboratory  has  invested  a  major  effort  towards 
establishing  and  utilizing  more  sophisticated  and  predictable  human  stem  cell  assays. 


One  important  aspect  of  these  assays,  is  that  they  are  long-term  assays,  anti  accordingly  it  taygs 
significantly  longer  time  to  get  sufficient  and  publishable  data  than  with  more  traditional  “progenitor” 
assays.  I  he  assay  we  have  primarily  been  working  on  takes  advantage  of  the  unique  ability  of  candidate 
human  stem  cells  to  long-term  reconstitute  irradiated/ablated  human  bone  marrow  stroma  cultures.  In  such 
cultures  it  has  recently  been  demonstrated  that  cells  capable  of  producing  committed  progenitors  tor  as 
much  as  12  weeks  (long-term  culture-initiating  cells;  LTC-IC)  are  likely  Lo  be  identical/close  to  the  earliest 
long-term  reconstituting  human  stem  cells.  Although  wc  believe  this  assay  will  prove  to  be  extremely 
valuable  for  evaluation  of  human  stem  cells,  it  is  also  tedious.  First,  it  takes  4-6  weeks  to  establish  an 
optimal  and  functional  bone  marrow  stroma  support,  and  subsequently  and  additional  12  weeks  (long-terin 
culture)  +2  weeks  (progenitor  assay)  to  evaluate  long-term  reconstitution.  Although  during  this  20  week 
period,  the  chance  of  contamination  is  rather  extensive,  we  have  been  successful  in  establishing  this  assay, 
whijh  has  allowed  us  to  demonstrate  that  purified  human  CD34T-CD38'  bone  marrow  cells  expanded  in 
TPO+FL+KL  for  as  much  as  7  lo  12  days  in  the  absence  of  stroma  and  serum  results  in  a  4-6  fold  increase 
in  tl[e  number  of  12  week  LTC-IC.  In  contrast,  and  of  particular  interest,  CD34T-CD38'  cells  cultured  for 
KL+IL-3+IL-6,  the  cytokine  combination  utilized  in  most  previous  and  unsuccessful  gene,  marking 
protocols  are  completely  depleted  in  12  week  LTC-IC.  Thus,  our  finding  of  not  only  a  dramatic  increasein 
12  week  LTC-IC  with  TPO+FL+KL,  but  also  a  complete  loss  of  such  candidate  stem  cells  with  the  more 
traditionally  used  cytokines  give  promise  to  “our”  cytokine  combination  while  (at  least  in  part)  explaining 
why  previous  gene  marking  and  stem  cell  expansion  protocols  have  been  unsuccessful 


(7)  Conclusions 

Although  the  brief  grant  support  from  the  US  Army's  Breast  Cancer  Research  program  only  allowed  i,s  to 
set  up  sophisticated  methods  for  evaluating  the  short  and  long-term  reconstitutiug^bility  of  FL-expanded 

“Tr”3’  "I  ^  bCCU  f16 10  PUlSUe  this  pTDJect  1taou^  alternate  grant  support  in  Sweden, 
arid  nmh^iv  ain0W  de“°Jlstratcd  ^  FL  and  the  recently  cloned  TPO  have  unique  abilities  to  maintain 
TPO  m b™i  H  tn  7“*  l0TnfctC“  rcc0llsliluting  Stem  cells.  However,  ultimately  the  ability  of  FL  and  ' 
TPO  to  expand  true  human  LTRC  can  only  be  demonstrated  in  clinical  gene  marking  protocols.Thus  wc  : 
®f  CUnJ???y  planning  a  gene  marking  protocol  to  determine  whether  this  approach  can  be  used 
successfully  to  provide  an  efficient  and  safe  graft  for  cancer  patients  undergoing  high-dose  chemotherapy.: 


